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BIOLOGICAL  ACTIVITIES  IN  EDMONTON  SOIL 


AS  INFLUENCED  BY  CROP  SEQUENCES 


V.  Ignat ieff 


INTRODUCTION 


Up  to  the  middle  of  the  Test  century  plant  nutrition 
and  its  relation  to  the  soil  and  atmosphere  was  considered 
only  from  the  chemical  and  physical  points  of  view.  However, 
in  studying  the  soil  as  a  medium  for  crop  production  we  now 
have  to  consider  the  biological  as  well  as  the  chemical  and 
physical  processes  taking  place  In  the  soil  and  its  solution. 
The  underground  portions  of  the  living  and  dead  plants  are 
also  Important  in  this  connection. 

All  of  these  factors,  biological,  chemical  and 
physical,  are  closely  interrelated  and  it  Is  the  purpose  of 
this  investigation  to  find  out  as  much  as  possible  about  the 
effect  of  certain  crops  on  the  soil,  and  try  to  explain  the 
peculiar  influence  that  some  crops  have  on  other  succeeding 
crops • 

Briefly  the  work  consisted  o^  determining  the 
moisture  and  nitrate  concentration,  and  the  number  of  micro¬ 
organisms  in  the  soil  throughout  the  growing  season.  Also 
since  phosphorus  plays  an  important  part  in  the  nutrition  of 
plants  and  microorganisms,  samples  from  the  different  plots 
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were  analyzed  for  water  soluble  phosphorus,  i.e.,  the  most 
available  form  of  phosphorus.  Tn  addition  the  nitrogen 
content  of  the  plo+-s  was  determined,  because  it  was  thought 
that  cropping  and  cultural  practices  might  affect  the  quantity 
of  this  element  in  the  soil. 

HISTORICAL 


In  this  paper  only  a  few  of  the  earlier  important 
researches  will  be  mentioned  in  as  much  as  a  complete  list 
of  such  references  Is  to  be  found  in  Russell *s  text;  Soil 
Conditions  and  plant  Growth#. 

The  primary  importance  of  nitrates  in  plant  nutrition 
was  recognized  as  early  as  1650  by  Glauber,  but  what  part  these 
compounds  played  in  building  up  of  vegetable  matter  was  not 
understood.  Theodore  de  Sans  sure  in  1R04  realized  that  nitroge 
was  an  essential  element  to  the  plant  and  that  it  was  obtained 
from  the  soil.  Boussingault  in  1854  suggested  that  the  legum- 
Inoseae  were  the  only  plants  which  were  able  to  utilize  the 
gaseous  nitrogen  from  the  air,  but  Liebig  in  1840  was  of  the 
opinion  that  at  least  some  crops  other  than  leguminoseae  could 
fix  the  free  atmospheric  nitrogen. 


#  Soil  Conditions  and  Plant  Growth,  by  E.  John  Russell. 
Longmans,  1932. 
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This  idea  of  Liebig  was  proved  to  be  erroneous  by 
the  investigations  carried  out  by  Pugh  at  Rothamsted.  Pugh’s 
experiments  were  carried  out  under  such  strict  conditions 
that  even  the  leguminous  plants  were  shown  to  be  unable  to 
grow  without  addition  of  combined  forms  of  nitrogen.  This  was 
due  to  the  fact  that  the  methods  employed  prevented  any  of  the 
plants  being  inoculated  with  the  symbiotic  bacteria. 

It  was  VOeTker,  Ville,  ^erftelot,  vreXipiegeX  and 
Wilfarth  who  proved  conclusively  that  the  leguminous  crops 
are  the  only  ones  able  to  utilise  atmospheric  nitrogen. 

The  prevalent  opinion  of  the  present  day  seems  to  be 
that  plants,  other  than  the  leguminoseae , utilize  nitrates  as 
their  chief  source  of  nitrogen,  although  they  can  also  make 
use  of  ammonium  compounds  by  means  of  their  root  system. 

Having  attempted  to  explain  by  this  short  historical 
outline  why  at  the  present  day  so  much  time  and  space  is  alloted 
to  the  study  of  nitrates  in  all  soil  fertility  investigations, 
we  shall  try  to  show  what  relationship  microbiology  has  to 
this  type  of  work0 

Pasteur,  about  the  middle  of  the  last  century, 
suggested  that  soil  nitrates  have  a  biological  origin. 
Schloessing,  Muntz,  war ing ton  and  Winogradsky  by  a  series  of 
experiments  carried  out  later  on  showed  that  the  bacteria  were 
responsible  for  the  formation  of  nitrates  in  the  soil. 

In  1884  Wollny  pointed  out  that  decomposition  of 
organic  substance  in  the  soil  was  retarded  by  the  application 
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of  antiseptics*  From  that  time  on  many  investigators  have 
demonstrated  that  the  decomposition  of  plant  resid.ues  is 
carried  out  hy  soil  organisms,  and  of  late  years  researchers 
such  as  Waksman,  Skinner  and  Heukelekian  (14,49,62),  have  come 
to  the  conclusion  that  a  very  large  part  of  this  work  is 
performed  by  soil  fungi.  Now  a  supply  of  available  nitrogen 
in  the  form  of  nitrate  or  ammonium  salts  is  required  by  these 
organisms,  and  thus  they  enter  into  direct  competition  with 
the  growing  plant  for  one  of  the  most  important  elements* 

In  the  last  twenty  or  thirty  years  a  tremendous 
amount  of  work  has  been  done  on  the  reciprocal  effects  of  crops, 
microorganisms  and  concentration  of  nitrates  in  the  soil®  It 
is  beyond  the  scope  of  this  report  to  review  all  the  literature 
published  on  this  subject®  However,  the  results  of  the  most 
recent  and  significant  investigations  will  be  briefly  stated. 

King  and  Whitson,  Stewart  and  Greaves  and  Russell 
(25,47,56)  found  that  the  period  of  loss  of  nitrate  content  in 
the  soil  during  the  summer  months  coincided  with  the  period  of 
rapid  growth  of  crops.  Investigators  such  as  King  and  Whitson, 
Ponget  and  Luirand,  Jensen,  Pus  sell,  Whiting  and  .Schoonover 
(25,46,47,66)  showed  that  the  most  active  period  of  production 
and  accumulation  of  nitrates  was  the  late  spring  and  early 
summer,  and  that  there  was  an  increase  in  nitrate  content  of 
the  soil  in  the  early  autumn,  following  a  period  of  low  content 
In  the  late  summer.  Vogel,  from  his  work,  concluded  that 
treatment  of  the  soil  had  less  effect  upon  nitrification  than 
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the  time  of  the  year,  whereas  Lemmermaim  and  Wickers  (29) 
stated  that  there  is  not  sufficient  evidence  to  shov/  a  direct 
periodic  influence  of  the  time  of  year*  on  li^e  activities  of 
the  organisms,  and  they  believe  that  the  physical  factors 
affect  the  process*  There  seems  to  he  no  doubt  that  nitrifica¬ 
tion  is  affected  very  materially  by  variation  in  moisture 
content  of  the  soil, 

Lyon,  Bizzell  and  Wilson,  McBeth  and  Smith,  Greaves, 
Stewart  and  Hirst  (11,31,38,64)  support  the  view  that  greater 
amounts  of  nitrates  are  produced  in  the  soil  after  crops  of 
clover  and  alfalfa,  or  when  these  crops  have  been  plowed  under, 
than  after  cereals  and  grasses.  This  opinion  is  supported  by 
most  of  the  experimental  evidence  of  the  present  day,  although 
a  few  workers  such  as  King  and  Whitson  and  Brown  have  obtained 
results  which  do  not  entirely  agree  with  this  finding. 

The  study  of  decomposition  of  plant  residues  is  still 
in  its  infancy,  hut  much  work  has  teen  ione  in  this  field  by 
Heukelekian,  Skinner,  Waksman,  Collison,  Conn  and  Hill  (5,14,15, 
51,62).  Their  work  has  shown  that  aerobic  and  anaerobic  bacteria 
and  fungi  are  capable  of  decomposing  organic  matter,  and  that 
these  organisms  enter  into  competition  with  the  living  plants 
for  the  supply  of  available  nitrogen,  Starkey  (54,55),  who  has 
investigated  the  influence  of  higher  plants  on  microorganism, s 
has  concluded  that  the  former  have  a  stimulating  effect  on  the 
latter . 

There  are  many  other  relationships  that  exist  between 
the  growing  plants,  their  residues  and  the  soil  organisms,  but 
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these  will  be  discussed  with  the  data  of  the  experiments  reported. 


OUTLINF  OF  TTTF  IF  VF S  rTT O A.  OAT 


The  investigation  was  commenced  in  June  1927,  when 
a  block  205  x  615  links  was  seeded  down.  On  the  north  side  a 
strip  15  links  wide,  which  was  not  used  for  experimental  purposes, 
was  filled  out  with  the  same  crops  as  an  adjacent  plot®  The 
remainder  of  the  area  was  divided  into  three  equal  sub-blocks, 

I,  II,  III,  with  sixteen  plots  in  each  arranged  according  to 
the  Latin  system,  with  paths  between  them.  Strips  two  feet 
wide  around  each  plot  were  discarded,  thus  leaving  a  net  area 
for  experimental  purposes  of  46  x  46  links. 

Plan  of  the  Plots 


*  < - - 

Sub-block  T  Sub-block  TI  Sub-block  III 
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The  following  crops  were  seeded  on  each  sub-block 
in  quadruplicates; 


Rate  of  Seeding 

Timothy  P  lbs.  ner  acre 

Western  Rye  grass  IQ  ’’  rf  rf 

Brome  grass  19  "  'r  " 

Alfalfa  10  "  "  "  (inoculated) 

The  seeding  was  carried  out  east  and  west,  50  rows 

1  link  apart  being  alloted  to  each  plot* 


Breaking 


The  sub -block  I  was  plowed  up  immediately  after 
cutting  hay  in  beginning  of  July  1928,  the  sub-block  II  was 
broken  in  middle  of  July  1950* 

In  plowing  the  furrow  slices  were  turned  over  flat 
and  packed  at  once*  The  seed  bed  for  wheat  was  prepared  the 
spring  following*  Wheat  was  grown  continuously  on  all  the 
plots  after  breaking. 


Soil  Sampling 


3-4  borings  for  surface  samples  to  the  depth  of  6  s/^'level 
2  "  "  subsurface  "  "  "  "  "  20"  " 

1-2  "  "  subsoil  "  "  '»  "  "  40"  " 

were  made  per  plot. 

During  the  first  season  samples  were  taken  just  before 

seeding  and  again  a  t  monthly  intervals  until  the  autumn*  After 
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the  first  year  samples  were  taken  at  monthly  intervals  through¬ 
out  the  summer,  beginning  about  the  middle  of  May  and  finishing 
at  the  end  of  September.  It  was  attempted  to  have  one  of  the 
samplings  coincide  with  the  cutting  of  hay.  Nitrate  and  moisture 
analyses  were  carried  out  on  these  samples. 

Nitrogen  content  was  determined  on  samples  taken  In 
May  each  year,  and  during  1931  water  soluble  phosphates  were 
determined  on  samples  taken  throughout  the  season. 

For  obtaining  the  bacterial  and  fungi  counts  samples 
to  a  depth  of  6  2/3  inches  were  taken  at  fortnightly  intervals 
throughout  the  summer. 

METHODS  OF  ANALIoIS 


For  moisture  determination  300  grams  of  moist  soil 
were  dried  in  the  oven  at  a  temperature  of  60-70°  C.  The 
percentage  moisture  was  calculated  on  oven-dry  soil  basis. 

The  soil  thus  treated  was  then  ground  and  stored  in 
sealers  for  use  in  all  the  other  analyses. 

The  nitrate  determination  was  carried  out  according 
to  the  phenol-disulphonic  method  as  modified  by  H.  J.  Harper 
(13). 

The  Deniges  method  as  modified  by  Parker  (42)  was 
used  in  analysis  of  waber  soluble  pbosnhates. 

The  total  nitrogen  was  determined  by  the  Ounning- 


Hibbard  method  (12) 


. 

iw  •faJtoni.oo  apntlqmBe 

. 

.  -i./  1  •  -ii  .  iOV.  -oae 


.  Da  see  erf*  no  .olqmati  no  benlmna^  efa 


. 


a nL\i  let  onirteJtom  noi 


.  ,  .  \<S  fan:  iu  aa  faorl  am  oJtno  fiqJtoaJtb-loiiadq  edS 


. 


•  (&I  ) 


9 


A  few  words  regarding  the  procedures  employed 
will  not  be  out  of  place#  Both  the  phenol-disulphonic  and 
phospho  molybdic  methods  are  useful  because  they  are  rapid 
and  are  sufficiently  accurate# 

Phenol -'Hi  sulphonic  Me  thod 


"The  yellow  colour  developed  remains  for  a  considerable 
number  of  hours,  thus  permitting  many  samples  to  be  dealt  with 
at  the  same  time#  The  main  drawbacks  of  this  method  are: 

1#  It  is  difficult  to  compare  the  intensity  of  the 
yellow  colour# 

2#  The  readings  are  to  a  certain  extent  subject  to 
variation  in  different  lights* 

3#  The  personal  element  perhaps  is  of  greater 
importance  in  this  method  than  is  desirable# 

The  Denigeis  or  Phospho  Molybdic  Method 


By  this  procedure  one  can  measure  minute  quantities 
of  phosphate  with  accuracy#  The  weakness  of  the  method  lies 
in  the  fact  that  it  calls  for  a  great  precision  in  measuring 
out  the  reagents,  which  causes  delay,  whereas  rapidity  is 
essential  in  carrying  out  the  determination,  because  the  blue 
colour  developed  by  reduction  of  the  complex  phospho  molybdic 
acid  fades  rapidly  on  exposure  to  air# 


•  1 


’  •  -  *  ->  n  *  ' 


■ 

.  "  ■  '  T"fT 

.  -  on j  r a 

. 

.  •  c  o  o c  i  , 

. 

.  nJt  noi^altav 

.-•I©  •:  .■u*ieq  .  l£l 

•  e  bodJ*a  nl  aonsc? 'loqml 

«*  1  G  er 


.  • 

. 

;;  a oqx©  nc  ^IbJt|jQ'r  eotal  bloM 


10 


Gunning  -  Hibbard  Method  for*  nitrogen 


The  only  point  of  interest  to  be  mentioned  in  this 
method  is  that  it  does  not  account  for  nitrogen  in  the  form 
of  nitrates. 


Method  for  Determination  of  Numbers  of  Microorganisms 


The  cultural  plate  method  was  employed  for  determin- 
ing  the  bacterial  and  fungal  numbers •  As  stated  previously 
soil  samples  to  a  depth  of  six  inches  were  taken  at  fortnightly 
intervals  throughout  the  growing  season#  commencing  about  the 
middle  of  May  and  ending  about  the  middle  of  September® 
Realizing  that  the  number  of  microorganisms  have  a  daily  fluct¬ 
uation  each  sampling  was  done  at  approximately  the  same  time 
of  the  day. 

The  samples  were  brought  into  the  laboratory  in 
glass  sealers  and  were  plated  out  with  the  least  possible 
delay. 


The  medium  used  for  total  counts  was  the  Sodium 
Caseinate  or  Nutrose  Agar  of  the  following  composition: 


Agar 

12.5 

grams 

Sodium  caseinate  or 

Nutrose 

2.0 

tt 

Glucose 

1.0 

?» 

Dipotassium  phosphate  K0HPO4 

.2 

rr 

Magne slum  sulphate 

MgS04?H^O 

.2 

tr 

Ferrous  sulphate 

FeS04.7H20 

trace 

Tap  water 

1000 

cc  • 
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The  advantage  of  this  medium  is  that  it  is  easily 
prepared,  sets  firm  in  a  very  short  time  and  gives  a  reaction 
of  approximately  pH  6.8  without  any  special  adjustment. 

The  medium  used  for  fungi  counts  has  the  reaction 
pH  3.8-4,  and  is  made  up  as  follows: 


Agar  25  grams 

Monopotassium  phosphate  (KH2PO4)  1  11 

Magnesium  sulphate  (MgFSC^VHgO)  .5  " 

Peptone  5  ,f 

Glucose  10  " 

Water  1000  cc  . 


1  cc.  of  ^  h2S04  per  100  cc.  of  medium. 

The  use  of  this  medium  is  recommended  by  Waksman 
(61).  Unfortunately,  being  a  peptone  agar,  it  stimulated  the 
quick  growth  of  the  proteotytic  fungus,  Mucor,  which  in  certain 
cases  prevented  the  appearance  of  slower  developing  fungi  such 
as  Penicillium. 

The  chief  disadvantages  of  this  method  are: 

1.  The  bacterial  and  fungal  counts  obtained  from 
different  dilutions  show  no  mathematical  correlation. 

2.  Only  the  he tero trophic  bacteria  and  not  even  all 
of  this  class  are  the  ones  that  develop  on  this  medium. 

3.  In  the  case  of  fungi  it  is  not  known  what  is 
actually  represented  by  the  colonies  found  on  the  plates, 
whether  they  developed  from  nieces  of  broken  up  mycelian,  or 
from  dormant  spores.  However,  with  all  its  weaknesses  this  is 
the  most  practical  method  in  use  at  the  present  time  for  deter¬ 
mining  the  numbers  of  microorganisms  in  the  soil. 
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EXPERIMENTAL  RESULTS 


The  results  obtained  from  this  Investigation, 
carried  out  during  a  period  of  five  years  from  1927-1931, 
will  he  discussed  under  four  headings* 

1.  Nitrate  nitrogen  and  moisture  investigation. 

2.  Water  soluble  phosphorus. 

3.  Total  nitrogen. 

4.  Microorganisms. 

The  writer  himself  is  responsible  only  for  one 
year’s  work,  the  analyses  for  the  previous  years  having  been 
carried  out  by  other  members  of  the  Soils  Department  of  the 
University  of  Alberta. 

Nitrate  Nitrogen  and  Moisture  Investigation 


The  results  obtained  from  the  investigation  of  the 
nitrate  concentration  of  the  soil  under  the  different  crops 
during  the  five  year  period  from  1927-1931  are  recorded  in 
Tables  I  to  VI  and  Graphs  I  to  III.  The  detailed  analytical 
data  for  1931  are  given  in  Table  I,  and  have  been  obtained 
from  the  composite  samples  of  soil  consisting  of  composite 
samples  taken  from  four  similar  plots  from  each  sub-block. 
The  concentration  of  nitrate  nitrogen  of  the  different  plots 

at  the  three  depths  is  expressed  as  milligrams  per  hundred 
grams  of  soil.  Tables  II  to  VI  show  the  amount  of  nitrate 
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nitrogen  in  pounds  per  acre  present  in  the  soil  to  a  depth  of 
40  inches  at  the  different  sampling  dates  during  the  period 
of  five  years. 

As  a  rule  the  greatest  amount  of  nitrate  was  found 
in  the  top  six  inches  of  the  soil  with  a  gradual  decrease 
downwards,  hut  this  is  not  always  the  case.  It  is  fairly 
certain  that  the  nitrification  proceeds  at  the  greatest  rate 
in  the  upper  layer  of  soil,  hut  thewe  may  he  two  causes  re¬ 
sponsible  for  the  occasional  greater  concentration  of  nitrates 
at  the  lower  depth,  the  leaching  downward  of  easily  soluble 
salts  and  the  utilization  of  nitrate  near  the  surface  by  plants 
or  microorganisms. 

when  inspecting  Graphs  I,  II  and  III  and  Table  II  one 
of  the  chief  points  to  be  noticed  is  that  as  soon  as  the 
experimental  land  was  seeded  down  to  perennial  crops  in  1927 
the  concentration  of  nitrates  in  the  soil  was  immediately 
decreased  and  remained  low  under  the  sod.  This  depressing 
effect  of  hay  crops  is  clearly  seen  if  one  inspects  the  figures 
in  the  "seasonal  average"  column  of  Tables  II  to  VI. 

The  figures  in  the  "seasonal  average"  column  for  the 
year  1927  (Table  II)  roughly  range  about  150-200  pounds  per 
acre  for  all  plots.  In  19  (mobile  TIT )  the  second  year  of 
growth  of  the  perennial  crops,  the  figures  show  only  from  one 
half  to  one  third  that  amount.  In  the  middle  of  that  summer 
block  I  was  plowed  up  and  this  resulted  in  a  rise  in  the  amount 
of  nitrates  in  the  soil  of  that  sub-block  from  an  average  of 
65  pounds  per  acre  in  the  month  of  August,  to  132  pounds  in 
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the  month  of  September,  whereas  the  average  content  of  the 
plots  of  the  other  blocks  remained  about  GO  pounds. 

Tables  TV  and  V  show  that  the  amount  of  nitrate  In 
the  soil  in  all  the  plots  of  sub-block  I  growing  crops  of 
wheat,  was  considerably  greater  than  In  plots  seeded  down  to 
hay  crops. 

In  1930  sub-block  II  was  plowed  up  in  middle  of 
July*  When  we  inspect  Table  V  we  notice  an  immediate  rise 
in  nitrate  concentration  of  all  the  plots  in  sub-block  II  from 
a  trace  of  nitrate  during  the  month  of  July  to  about  30-80 
pounds  of  nitrate  nitrogen  in  the  month  of  August* 

The  wet  season  of  1931  was  favourable  for  the  process 
of  nitrification  and  tended  to  even  up  the  differences  in 
nitrate  concentration  under  the  different  crops,  yet  the 
depressing  effect  on  soil  nitrates  of  perennials  in  sub-block 
III  is  seen  clearly  in  Table  VT.  Western  rye  grass  proved  to 
be  an  exception  in  this  case,  but  it  must  be  stated  that  there 
was  a  very  poor  stand  of  this  grass  throughout  the  1931  season, 
probably  due  to  winter  killing*  The  absorption  of  nitrates  by 
this  crop  in  1931  would  therefore  be  greatly  reduced. 

Nitrate  determinations  on  fallow  land  were  carried 
out  during  three  seasons  1929  to  1931*  It  will  be  seen  from 
the  "seasonal  average"  column  of  Tables  VI,  V  and  IV  that  the 
nitrate  content  of  this  land  Is  greater  than  that  of  any  other 
plot  In  1931,  whereas  in  1930  and  1929,  it  is  second  only  to 
the  broken  up  alfalfa  plots  of  sub-block  I,  Actually  the 
fallow  land  wa3  highest  in  nitrates  in  the  latter  half  of  all 
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three  seasons  (18). 

Now  if  the  soil  under  the  different  crops  of  the 
three  sub-blocks  are  considered  one  finds  that  the  broken  up 
alfalfa  plots  supporting  crops  of  wheat  are  at  the  top  of  the 
list.  If  the  "order  of  averages”  column  of  Tables  IV,  V  and 
VI  are  studied,  this  point  will  become  very  apparent.  A 
number  of  investigators  such  as  Brown,  Greaves,  Lyon,  Bizzell, 
Wilson,  Martin,  McBeth  have  shown  that  alfalfa  land  when  broken 
up  yields  great  amounts  of  nitrates  (3,11,-30,31,32,36,38). 

The  wheat  plots  after  western  rye  and  timothy  are 
next  on  the  list.  One  point  of  interest  is  that  the  decompos¬ 
ition  of  timothy  sod  does  not  seem  to  he  detrimental  to  nitrate 
production,  yet  many  farmers  report  that  timothy  has  an  adverse 
effect  on  the  wheat  crop  that  follows  it*  It  is  hard  to 
explain  satisfactorily  this  phenomenon  except  by  suggesting 
that  toxins  are  produced  by  timothy.  These  plant  toxins  may 
be  formed  in  two  ways.  They  may  be  excreted  by  living  plants 
as  suggested  by  Whitney,  Cameron  and  Pickering,  or  they  can 
be  formed  during  the  decomposition  of  the  dead  vegetable  matter 
(8,  64).  At  the  present  stage  of  investigation  one  should 
avoid  being  too  dogmatic  on  this  point,  but  the  second  view¬ 
point  seems  to  be  a  more  reasonable  one,  especially  as  the 
possible  toxins  excreted  by  living  plants  have  not  as  yet  been 
Isola ted. 

Plowed  up  brome  sod  Is  relatively  low  In  nitrate 
concentration,  as  will  he  seen  hy  referring  to  the  last  two 
columns  of  Tables  IV  to  VI.  This  may  be  due  to  the  utilization 
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Figure  T 


r 


Figure  II 


These  figures  show  the  difference  in  wheat  crop 
after  brome  on  the  left  and  after  alfalfa  on 
the  right.  Note  the  denser  foliage  and  heavier 
stand  of  wheat  after  alfalfa. 
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of  available  nitrogen  by  the  fungi  engaged,  in  the  decomposition 
of  the  organic  carbonaceous  material,  'this  opinion  is  sub¬ 
stantiated  by  the  fungi  counts  (Table  VIII)  carried  out  during 
the  summer  of  1931,  Collison  and  Conn,  Heuheleklan,  Waksman 
and  Skinner,  have  shown  that  cellulose  is  decomposed  in  the 
soil  to  a  large  extent  hy  fungi,  which  require  a  source  of 
available  nitrogen  (5,13,14,62),  This  low  nitrate  content 
of  the  soil  after  brome  may  be  partly  responsible  for  the  poor 
wheat  crops  as  seen  in  Figures  I  and  II. 

It  has  already  been  pointed  out  that  the  soil  of 
the  plots  under  the  growing  grasses  and  alfalfa  was  low  in 
nitrate  content,  but  that  the  amount  of  nitrates  greatly 
increased  in  the  soil  when  the  perennials  were  plowed  up®  The 
point  that  requires  stressing  is  that  the  nitrate  concentration 
of  broken  up  sod  remains  relatively  high,  even  when  the  plots 
are  cropped  to  wheat,  as  seen  from  Tables  IV  to  VI  and  Graphs 
I  to  III. 

There  is  not  much  difference  found  in  the  amount 
of  nitrates  under  alfalfa  and  the  grasses,  yet  it  may  be 
stated  the t  as  a  rule  in  ft  is  investigation  nitrate  concentra¬ 
tion  under  alfalfa  was  found  to  be  a  little  greater  than  under 
grasses.  Frome  again  has  to  be  placed  last  on  the  list, 
whereas  timothy  and  western  rye  grass  are  in  the  intermediate 
position.  Albrecht’s  (1)  work  substantiated  the  view  that 
there  is  never  any  great  concentration  of  nitrates  under 
grasses,  such  as  timothy  but  Jones  (21)  considered  that  the 
low  nitrate  content  of  the  soil  under  timothy  is  due  to  the 
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utilization  of  the  soil  nitrates  by  this  crop,  and  not  to 
any  special  depressing  effect  of  the  crop  on  the  process  of 
nitrification. 

In  concluding  this  discussion  on  the  results  ob¬ 
tained  from  nitrate  determination  a  few  words  should  be  said 
about  the  relationship  between  the  time  of  the  year  and  the 
amount  of  nitrate  in  the  soil.  The  fallow  plots,  for  which 
the  nitrate  determinations  have  been  carried  out  for  the  last 
three  summers,  show  an  upward  trend,  usually,  in  their 
nitrate  curve  during  the  progress  of  the  season,  as  seen  in 
the  Graph  I  (10,19,29,46,47,66,69).  But  nothing  definite  can 
be  said  in  this  connection  with  regard  to  the  other  plots, 
nor  can  one  notice  any  definite  correlation  between  the 
fluctuations  of  moisture  in  the  soil  and  nitrate  concentration. 
The  lack  of  correlation  between  the  nitrates  and  the  moisture 
figures  may  be  explained  by  the  fact  that  the  moisture  deter¬ 
minations  were  made  once  a  month  on  the  samples  analyzed  for 
nitrates.  Now  it  may  have  happened  in  certain  cases  that  the 
samplings  were  Immediately  preceded  by  rain;  the  soil  in  that 
case  would  be  wet,  and  yet  not  enough  time  would  have  elapsed 
to  allow  the  change  in  moisture  content  of  the  soil  to  have 
its  full  effect  on  the  activities  of  the  microorganisms. 
Furthermore,  it  should  be  kept  in  mind  that  in  all  cases 
except  the  sumrnerf allow,  crops  were  growing  on  plots  and 
consequently  utilized  both  moisture  and  nitrates.  On  compar¬ 
ing  the  data  of  Tables  V  and  VI  of  the  dry  season  of  1930  and 
the  wet  season  of  1931  one  notices  that  the  nitrate  concentra- 
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tion  of  the  soil  was  higher*  in  1931  than  in  1930,  tending 
to  show  that  ur>  to  a  certain  point  moisture  stimulates 
nitrification. 

The  moisture  content  of  the  surface  soil  of  the 
different  plots  growing  crops  do  not  show  any  great  dif¬ 
ferences,  This  statement  is  true  not  only  with  regard  to 
the  surface  soil,  but  is  equally  correct  with  regard  to  the 
moisture  content  of  the  soil  down  to  the  depth  of  40  inches. 
The  only  significant  exception  occurs  in  the  case  of  the 
fallow  which  is  somewhat  higher®  This  plot  is  always  the 
highest  in  moisture  content,  Duley,  however,  found  that 
old  stands  of  alfalfa  reduced  to  an  appreciable  extent  tho 
soil  moisture  at  the  lower  depths  (9), 

We  can  see  from  our  experiments  that  it  is  not 
an  excessive  utilization  of  moisture  by  b-rome  that  is 
responsible  for  the  poor  wheat  crops  following  this  grass® 
This  would  throw  some  doubt  on  the  popular  idea  among  farmers 
at  the  present  time  that  brome  causes  poor  wheat  growth  by 
drying  out  the  land. 
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Table  I*  Nitrate  nitrogen  and  moisture  in  soil 
from  sub-blocks  T,  IT  and  TTI  (1931) 


Jfay  13  th. 


Sample 

Sub -block 

Crop 

Moisture 

7° 

Nitrate  nitrogen 
mgrn .  per  100 
grams  soil 

A 

I 

Third  crop 

18.1 

2.69 

E 

n 

whea  t  af  ter 

13.8 

1.14 

C 

rt 

timothy 

10.5 

.67 

A 

I 

Third  crop 

19.8 

3.70 

B 

n 

wheat  after 

11.9 

1.85 

C 

ft 

alfalfa 

14.9 

.58 

A 

I 

Third  crop 

19 .8 

3.17 

B 

ft 

wheat  after 

12.2 

.77 

C 

tt 

brome 

16.5 

Trace 

A 

I 

Third  crop 

20®  0 

2.72 

B 

1! 

wheat  after 

11  .2 

1.61 

C 

II 

western  rye 

14.4 

.54 

A 

II 

First  crop 

17.9 

4.93 

B 

ft 

wheat  after 

13.3 

.99 
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ff 

alfalfa 

12.1 

Trace 

A 

II 

First  crop 

21.5 

2.48 

B 

It 

wheat  after 

13.0 

.42 

C 

tl 

brome 

10.2 

S.  Trace 

A 

II 

Finst  crop 

20.9 

4.82 

B 

ff 
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12.0 

.66 
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t imo  thy 

10.0 

Trace 

A 

II 

First  crop 

16.9 
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A 

III 

Time  thy 
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A 
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Table  I  (Continued) 


Nitrate  nitrogen 


Sample 

Sub-block 

Crop 

Moisture 

% 

mgm. 

grams 

per  100 
soil 

A 

III 

Western  rye 

19,0 

2.22 

B 

fl 

n 

10  #6 

.33 

C 

rr 

ri 

13.4 

Trace 

A 

Fallow 

18.0 

5.97 

B 

ii 

14.4 

2.44 

C 

ii 

14.4 

.42 

June  25th. 

A 

I 

Third  crop 

28. 1 

1.10 

B 

ii 

wheat  after 

16.0 

1 .43 

C 

ii 

timothy 

18.1 

.48 

A 

I 

Third  crop 

30.4 

1.30 

F 

it 

wheat  after 

14.9 

1.69 

C 

tr 

alfalfa 

16.7 

.38 

A 

I 

Third  crop 

27.1 

1,86 

F 

ii 

wheat  after 

15.4 

.87 

C 

ii 

brorne 

16.5 

.33 

A 

1 

Third  crop 

28.4 

1.27 

F 

ii 

wheat  after 

15.2 

1,49 

C 

ii 

western  rye 

19.4 

.40 

A 

II 

First  crop 

30.5 

2.42 

E 

ii 

wheat  after 

18.8 

1 .28 

C 

ti 

alfa If a 

14.2 

S.  Trace 

A 

II 

First  crop 

31.6 

1.31 

B 

it 

wheat  after 

18.3 

S.  Trace 

C 

ti 

brome 

14.2 

V.S.  Trace 

A 

II 

First  crop 

30  »6 

.85 

B 

it 

wheat  after 

19.8 

.91 

C 

ii 

timothy 

17.4 

.68 

A 

II 

First  crop 

33.2 

1.52 

B 

ii 

wheat  a^ter 

17.9 

.81 

C 

fi 

western  rye 

12.5 

V.S.  Trace 
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Table  I  (Continued) 


Nitrate  nitrogen 


Sample 

Sub -block 

Crop 

Moisture 

* 

mgm.  per  100 
grams  soil 

A 

III 

Time  thy 

33  .6 

.70 

B 

it 

If 

19.3 

Trace 

C 

tt 

11 

18.7 

.34 

A 

III 

Alfalfa 

31.5 

.73 

B 

tt 

it 

17  *5 

S.  Trace 

n 

w 

tr 

m 

14.9 

V.S.  Trace 

A 

III 

Brome 

27.9 

.89 

B 

n 

it 

17.7 

S.  Trace 

C 

if 

tt 

14.1 

V.S.  Trace 

A 

III 

Western  rye 

35.3 

1.25 

B 

it 

tt 

19.7 

1.23 

C 

fj 

tt 

15.2 

.39 

A 

Fallow 

28.9 

3.84 

B 

it 

19.7 

3.96 

C 

it 

11.4 

.79 

July  24th. 

A 

I 

Third  crop 

24.7 

.71 

B 

ft 

wheat  after 

18.3 

.55 

C 

ii 

timothy 

15.7 

.42 

A 

I 

Third  crop 

27.3 

.89 

B 

it 

wheat  after 

17.6 

.76 

C 

it 

alfalfa 

17.1 

.42 

A 

I 

Third  crop 

24.6 

.69 

B 

ii 

wheat  after 

18.2 

.33 

C 

it 

brome 

17  .2 

.19 

A 

I 

Third  crop 

25.5 

.88 

B 

it 

wheat  after 

18.2 

.48 

C 

tt 

western  rye 

11.2 

.31 
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Table  I  (Continued) 


Nitrate  nitrogen 

Sample  Sub-block  Crop  Moisture  mgm.  per  100 

%  grams  soil 


A 

II 

First  crop 

25*6 

.88 

B 

n 

wheat  after 

21.0 

.70 

C 

H 

alfalfa 

13.5 

V.F.  Trace 

A 

II 

First  crop 

27.5 

.75 

B 

ff 

wheat  after 

23.9 

.20 

C 

ff 

brome 

14.5 

V.F.  Trace 

A 

II 

First  crop 

26 .0 

.79 

B 

ff 

wheat  after 

20*7 

*31 

C 

It 

timothy 

14.1 

.37 

A 

II 

First  crop 

25.8 

.89 

B 

It 

wheat  after 

21.1 

.40 

C 

II 

western  rye 

13  *3 

V.F.  Trace 

A 

III 

Tim©  thy 

27  *0 

.77 

B 

II 

it 

26*5 

•  of 

C 

ff 

it 

20  *  8 

.27 

A 

III 

Alfalfa 

25  *0 

*91 

B 

ft 

it 

21*9 

.40 

C 

tl 

it 

16.9 

V.F.  Trace 

A 

III 

Brome 

27  ©9 

.75 

B 

M 

it 

24.7 

.33 

C 

If 

it 

14.6 

V .F »  Trace 

A 

III 

Western  ry© 

29.5 

1,00 

B 

tl 

tt 

27.4 

.94 

C 

ft 

tt 

16.8 

.17 

A 

Fallow 

32.2 

1*61 

B 

it 

25.6 

3.39 

C 

it 

19.8 

.78 

August  18  th. 

A 

I 

Third  crop 

29.4 

*43 

B 

ti 

wheat  after 

20.0 

Trace 

C 

it 

t  imo  thy 

19.1 

F.L.  Tra 
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Table  T  ( Pont  inued  ) 


Nitrate  nitrogen 

Sample  Sub -block  Crop  Moisture  mgm,  per  100 

%  grams  soil 


I 

u 

n 

I 

it 

tr 

I 
n 

n 

II 

I! 

H 

II 

If 

It 

II 

If 

II 

II 

IT 

If 

III 

I! 

II 

III 

II 

I! 

Ill 

II 

If 

III 

II 

II 


Third  crop 

28.2 

.38 

wheat  after 

18.9 

Trace 

alfa If a 

16.8 

F.L.  Trace 

Third  crop 

30.9 

•  36 

wheat  after 

20.5 

S.  Trace 

brorae 

16.5 

V.S.  Trace 

Third  crop 

29 . 9 

40 

wheat  after 

21.6 

Trace 

western  rye 

15.7 

F.L.  Trace 

First  crop 

31a6 

.42 

wheat  after 

19.3 

.57 

alfalfa 

14  •  0 

V.F.  Trace 

First  crop 

33.3 

.47 

wheat  after 

23.7 

S.  Trace 

brome 

14.1 

V.F.  Trace 

First  cron 

26 .7 

.49 

wheat  after 

20.9 

S .  mr a c  9 

timothy 

17.3 

F.L.  Trace 

First  crop 

30.5 

.49 

wheat  after 

24.0 

S.  Trace 

western  rye 

15.7 

F .  Trace 

Timo  thy 

35.7 

.79 

i? 

27.7 

S .  Trace 

ii 

19.4 

F.  Trace 

Alfalfa 

35.6 

1.06 

1! 

27.5 

S .  Trace 

If 

17.1 

V.F.  Trace 

Brome 

33.9 

.73 

ii 

27.5 

S.  Trace 

ii 

17.7 

V.F.  Trace 

Western  rye 

35.6 

1.15 

ii 

27.2 

.43 

it 

22.2 

F.  Trace 

-  Vu  - 


.  -  rfoolcf- 


. 

. 

< .  r 

.  . 

. 

. 

.  c  . 

. 

. 

.  . 

. 

• 

e.ti 

. 

".5J  i4 

.  . 

Y. 

1.  . 

O.I& 

lTC  .•  X  ‘I 

V  i. 

. 

.  . 

C  . 

V?*. 

• 

'■OP1'  . 

.  . 

r.  »■  r 

Off"'  rrr* 

• 

C'ff'- 

. 

.  . 

• 

I'i  . 

wiuj 

. 

. 

Y.  'L 

* 

it 

• 

Y. 

• 

*.QI 

•(  . 

.  . 

. 

.  . 

X.  VI 

f.Y. 

dino'if* 

. 

. 

.  . 

Y.  VI 

.  i 

o .  • 

.  Yi 

t  • 

Table  I  (Continued) 


Nitrate  nitrogen 


Sample  Sub-block 

Crop 

Moisture 

% 

mgm.  per  100 
grams  soil 

A 

Fallow 

32.7 

2.08 

B 

ir 

23.9 

2.22 

C 

tf 

22.4 

2.44 

Se 

ptember  15th.  (subsoil) 

25th. 

(surface  and  subsurface) 

A 

I 

Third  crop 

23.7 

.94 

B 

tt 

wheat  after 

15.1 

Trace 

C 

t? 

timothy 

17.9 

.45 

A 

I 

Third  cron 

27.2 

.73 

B 

rr 

wheat  after 

15  •  5 

.55 

C 

ft 

alfalfa 

19.7 

.45 

A 

I 

Third  crop 

27.4 

.86 

B- 

tt 

wheat  after 

18 . 0 

Trace 

C 

if 

brome 

17.9 

S.  Trace 

A 

I 

Third  crop 

30.1 

.57 

B 

tt 

wheat  after 

16.1 

.59 

C 

ii 

western  rye 

16.4 

.47 

A 

II 

First  crop 

25.2 

•81 

B 

tt 

wheat  after 

16.4 

.67 

C 

tf 

alfalfa 

14.6 

S.  Trace 

A 

II 

First  crop 

30.3 

.77 

B 

tt 

wheat  after 

20.8 

Trace 

C 

tf 

brome 

16.5 

S.  Trace 

A 

II 

First  crop 

26.3 

.73 

B 

tt 

wheat  after 

17.8 

Trace 

C 

it 

timo  thy 

16  „  5 

.43 

A 

II 

First  crop 

26.8 

.98 

B 

tt 

wheat  after 

20.9 

.52 

C 

tt 

western  rye 

15.2 

.30 

•  ■ 

:  .  -  - 

‘O.S 

V.  Sir. 

•  V 

£'•  - 

•  ;  *  4'3i  1  .-v'  .  O 

.  . 

v.  ;i 

rro'io  'ilrT, 

r.  • 

?>. 

r.rr 

it 

SX\ 

• 

I 

l  '. 

. 

■  . 

v. 

it 

L  . 

*.  Ti. 

c  *xo  r  It. 

o.ex 

. 

e.vi 

©fold 

. 

/.05 

. 

.81 

V  . 

Kbl 

o'ti  niirtfeev/ 

i>  . 

.  .  -o 

1  10  8'  . 

V  . 

. 

.  1 

V7. 

3.  C  • 

« 

.  - 

id 

:.V. 

3.  b  is 

.  Vx 

. 

i.Jl 

-  • 

. 

• 

u  o  ]>  o®> 


CQ  o  <aj  PQ  o  <  (X|  o  <J  PQ  o  <  Wo 


26 


Table  I  (Continued) 


Nitrate  nitrogen 

Sample  Sub-block  Crop  Moisture  ingm®  per  100 

%  grams  soil 


III 

ff 

ff 

III 

ff 

if 

III 

if 

if 

III 

if 

ff 


Timo  thy 

27  .7 

.69 

n 

20.1 

Trace 

n 

10.8 

V.S.  Trace 

Alfalfa 

20,5 

.86 

ff 

16.1 

Trace 

ff 

15.2 

V.S.  Trace 

Brome 

28.9 

.86 

M 

21.6 

Trace 

if 

17.2 

V.S.  Trace 

Western  rye 

29.7 

.86 

a 

23.7 

,60 

ff 

18.2 

.34 

Fallow 

32,1 

3.22 

fi 

22.0 

1.92 

f? 

23.3 

2.20 
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Table  II.  Nitrate  nitrogen  pounds  per  acre  (1927) 

(to  depth  of  40  inches) 
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T&ble  III.  Nitrate  nitrogen  pounds  per  acre  (1928) 

(to  depth  of  40  inches) 
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Table  IV*  Nitrate  nitrogen  pounds  per  acre  (1929) 

(to  depth  of  40  inches) 
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Table  V.  Nitrate  nitrogen  pounds  per  acre  (1930) 

t to  d.ertb  of  40  inches) 
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Table  VI*  Nitrate  nitrogen  pounds  per  acre  (1931) 

(to  depth  of  40  inches) 
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Graphical  representation  of  the  concentration  of  nitrates  and  moisture  in  sub-block 
I  (1927-1931). 
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Nitrate  nitrogen  expressed  as  lbs.  per  acre  in  upper  40  inches  of  soil*  The  figures 
for  moisture  content  represent  only  the  upper  6  inches  of  soil. 


Water  Soluble  Phosphorus 


There  has  been  much  controversy  on  the  subject  of 
determination  of  available  phosphorus,  that  is,  of  phosphorus 
present  in  the  soil  that  could  be  readily  utilized  by  the 
plants.  Several  methods  have  been  evolved  by  Neubauer, 
Lemmermann,  Winogradsky,  Truog  and  others  (28,41,60,65). 
Neubauer  makes  use  of  living  plants  for  the  determination# 
Winogradsky  evolved  the  Azotobacter  method.  Other  investiga¬ 
tors  employ  the  methods  of  extraction  of  soil  with  different 
types  of  solvents  which  are  supposed  to  simulate  the  action 
of  roots#  Much  can  be  said  for  these  methods,  but  one  must 
always  bear  in  mind  that  little  as  yet  is  known  about  the 
actual  form  of  phosphorus  absorbed,  and  as  to  how  plants 
extract  it  from  the  soil#  Any  method  employed  is  therefore 
merely  empirical* 

In  this  work  it  was  decided  to  use  distilled  water 
for  making  soil  extracts,  because  it  was  thought  that,  whatever 
the  effect  of  the  plants  on  the  soil  or  its  solution,  the 
phosphorus  that  was  present  in  a  water  extract  would  be  the 
most  readily  available  to  the  plants* 

The  method  used  consisted  of  shaking  up  20  grams  of 
soil  with  100  cc.  of  water  (1:5  extract)#  50  cc*  of  the  clear 
solution  obtained  by  filtering  the  water  extract  writh  a 
Buchner  funnel  was  then  evaporated  to  dryness  and  ignited# 

The  residue  was  taken  up  with  dilute  HCl  and  the  phosphorus 
thus  brought  into  solution  was  determined  by  Parker *s  methodo 
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Ihe  ignition  of  the  substances  obtained  by  extraction  of  the 
soil  was  carried  out  to  remove  the  organic  matter  which  would 
otherwise  interfere  with  the  blue  color  developed  in  the 
determination,  giving  it  a  yellow  tinge®  On  ignition,  however 
the  organic  phosphorus  present  was  changed  to  the  phosphate 
form  and  determined  as  such.  A  criticism  of  this  procedure 
is  that  the  plants  may  not  be  able  to  utilize  organic  phosphor 
us  and  thus  the  figures  may  be  of  little  value®  However, 
Whiting  (67)  with  his  work  on  phytin,  has  shown  that  plants, 
directly  or  indirectly,  can  make  very  good  use  of  organic 
phosphorus. 

"Ihe  data  obtained  during  the  season  1931  is  given 
in  Table  VII.  In  considering  the  results  of  one  season’s 
work  one  notices  that  the  greatest  amount  of  water  soluble 
phosphorus  is  present  in  the  upper  six  inches  of  soil,  with  a 
gradual  decrease  downwards.  In  fact  in  the  subsoil  there  is 
very  little  water  soluble  phosphorus  present.  It  was  possible 
to  test  the  water  extracts  of  a  few  subsoils  directly  without 
first  evaporating  them  down  and  igniting  the  organic  matter. 

No  phosphates  were  detected  in  such  solutions  before  ignition, 
showing  that  all  the  water  soluble  phosphorus  in  the  subsoil 
was  present  in  the  organic  form. 

There  is  no  great  difference  between  the  figures 
of  the  individual  plots.  However,  the  concentration  of 
phosphates  in  the  top  layer  of  the  soil  seems  to  b©  slightly 
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higher  under  grasses  and,  in  particular,  under  alfalfa 
than  under  wheat,  as  shewn  in  "vortical  average"  column  of 
Table  VII*  Furthermore  during  the  actual  determination, 
difference  in  the  intensity  of  the  blue  colour  developed  was 
clearly  seen.  Since,  however,  the  differences  are  only  very 
slight  and  are  almost  within  the  range  of  experimental  error, 
one  must  avoid  any  very  definite  conclusion  on  this  point® 

There  does  not  seem  to  be  any  definite  fluctuation 
in  water  soluble  phosphorus  during  the  growing  season,  but 
the  figures  show  a  decrease  in  the  month  of  September.  Only 
further  work  during  a  number  of  summers  can  show  whether  this 
finding  is  a  regular  phenomenon  or  is  merely  peculiar  to  this 
past  season® 
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Table  VII.  Water  soluble  phosphorus  as  PO4  (1931) 

Parts  per  million  of  dry  soil. 
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motal  Nitrogen 


Total  nitrogen  determinations  have  been  carried 
out  on  all  soil  samples  taken  in  May  during  the  seasons 
1927  to  1931*  However,  for  the  sake  of  brevity  it  was 
decided  not  to  include  the  table  of  the  results  in  this 
report*  The  figures  showed  irregular  fluctuations  which 
were  much  greater  than  the  experimental  error  allowed  in 
the  determination,  but  it  may  be  stated  that  no  great 
change  in  nitrogen  content  of  the  soil  was  noticed*  It 
must  be  borne  in  mind,  however,  that  a  five  year  period 
is  too  short  to  show  any  appreciable  change  in  nitrogen 
content • 

Work  by  P.  np9  (49)  on  sold  samples  from 

Indian  Head,  Saskatchewan,  has  shown  that  loss  in  nitrogen 
from  the  soil  due  to  agricultural  practices  and  the  grow¬ 
ing  of  crops  does  take  place  in  prairie  province  soils* 

He,  however,  compared  the  nitrogen  content  of  a  soil  which 
had  been  under  cultivation  twenty  two  years  with  that  of 
the  virgin  prairie  soil  near  by® 
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Microorganisms 


Bacterial  counts  and  furgal  counts  were  made  during 
the  seasons  of  1929,  1930  and  1931. 

During  the  summer  of  1929  counts  on  soil  under  the 
following  crops  were  made: 


Fallow 

First  crop  of  wheat  after 

tf  II  II  II  I! 

ii  ii  ii  ii  ii 

Alfalfa 
Time  thy 
Western  ry© 


t  imo  thy  ) 

western  ry©  )  Sub-block  I 
alfalfa  ) 

) 

)  Sub -block  III 

) 


Work  on  the  same  plots  of  sub-blocks  I  and  III  was 
carried  out  in  1930,  and  in  addition  counts  for  plots  of 
sub-block  II  were  made  from  the  time  it  was* plowed  up  in  June  a 
In  1931  investigations  were  carried  out  on  the 

following  plots: 


Fallow 

First  crop  of  wheat  after  alfalfa  ) 

fT  "  n  11  "  brorne  ) 

"  «  »  "  »»  timothy  )  Sub-block  II 

"  "  "  "  M  western  rye  ) 


Time  thy 
Alfalfa 
Brom© 

Western  rye 


) 

j  Sub-block  III 

) 


The  re  soil  ts  of  these  investigations  are  recorded  in 
Table  VIII  and  Graphs  IV  to  VI «  The  data  in  Table  VIII  have 
been  obtained  from,  the  composite  samples  of  soil  consisting 
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of  composite  samples  taken  from  four  similar  plots  from 
each  sub-block* 

In  examining  the  findings  for  sub-block  III  in  the 
three  years  from  1929  to  1931,  several  points  of  interest 
are  brought  to  light*  During  this  period  the  fungal  counts 
under  alfalfa  were  consistently  higher  than  under  timothy 
and  western  rye  grass,  ^e  counts  of1  these  latter  plots  do 
not  show  any  significant  difference.  In  1931  counts  were  made 
on  brome  plots  for  the  first  time  and  throughout  the  season 
were  consistently  low*  During  the  season  of  1931  It  was 
noticed  that  the  fungi  prevalent  under  the  grasses,  as  well 
as  under  alfalfa  ’were  of  the  genus  Peniciillum  (27)* 

In  the  case  of  bacterial  numbers  the  alfalfa  plots 
again  were  in  the  lead,  but  there  were  no  significant  differences 
in  numbers  of  bacteria  under  the  western  rye,  timothy  and  brome 
plots • 

When  one  compares,  in  Graphs  VI  and  IV,  the  grass 
and  alfalfa  plots  (Graph  VI)  with  the  plots  carrying  wheat 
after  the  sod  has  been  broken  up  (Graph  IV),  one  finds  that 
during  the  seasons  1929  and  1930  the  counts  of  fungi  were 
lower  under  wheat  than  under  grasses  or  alfalfa*  In  1951, 
however,  the  fungal  counts  in  the  case  of  sub-block  II  plots 
carrying  the  first  crop  of  wheat  after  the  perennial  grasses 
(Graph  V)  were  higher  than  in  the  case  of  any  plots  in  sub¬ 
block  ill,  excepting  those  supporting  alfalfa.  The  alfalfa 
plots  plowed  up  In  1930  gave  low  counts  during  the  1931  season* 
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This  was  probably  due  to  the  fact  that  the  nroteolitic  fungus 
Mucor  developed  on  the  plate  very  rapidly  (4,35,36).  In  fact 
these  plates  had  to  be  counted  after  two  days  incubation 
(see  Figure  III)  instead  of  the  usual  time,  because  if  this 
was  not  done  they  became  so  overgrown  by  the  fiuigus  that  the 
separate  colonies  could  not  be  distinguished  (compare  Figures 
III  and  IV) •  It  will  be  remembered  that  the  medium  used  was 
a  peptone  agar  medium  which  would  encourage  the  development  of 
a  proteolitic  fungus  (20) »  Probably  other  types  of  fungi  were 
present  in  the  soil,  but  due  to  the  rapid  growth  of  Mucor  on 
the  plates,  no  opportunity  was  given  them  for  development® 

This  opinion  is  confirmed  by  the  fact  that  during  the  later 
part  of  the  season,  when  the  Mucor  colonies  did  not  spread 
with  great  rapidity  on  the  plates,  PenieiXlium  colonies  appeared 
on  the  third  day  of  Incubation  as  illustrated  in  Figure  IV* 

The  great  numbers  of  Mucor  present  in  the  soil  after  an  alfalfa 
crop  has  been  plowed  under  is  easily  explained.  Mucor  is  a 
fast  growing  proteolitic  fungus,  and  alfalfa  residues  are  rich 
in  protein.  When  incorporated  with  the  soil,  alfalfa  forms 
a  suitable  medium  for  the  fungus  in  question® 

Great  numbers  of  the  Fenicillium  type  of  fungus 
developed  in  the  soil  of  the  broken  up  brome  sod  as  seen  in 
Figure  V*  These  may  have  been  stimulated  by  the  incorporation 
of  large  amounts  of  carbonaceous  organic  material* 

In  considering  Table  IX  supplied  by  the  Field  Crops 
Department  one  notices  that  more  carbohydrates  have  been  plowed 
under  in  the  case  of  brome  than  in  the  case  of  western  rye 
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grass  and  timothy*  At  the  same  time  the  protein  carbohydrate 
ratio  of  bromo  residues  is  wider  than  that  of  tho  other  two 
grasses.  From  this  we  can  surmise  that  more  of  the  nitrates 
of  the  soil  will  be  used  up  by  the  organisms  engaged  in  the 
decomposition  of  the  hr one  residues  (7^,14, 43, 50, 62) •  The 
numbers  of  fungi  after  timothy  were  lower  than  after  western 
rye  grass,  as  seen  in  Table  VIII  and  in  Figure  V,  but  as  this 
finding  is  not  confirmed  by  the  previous  two  year’s  work  on 
sub -block  I,  no  further  comment  can  be  made, 

Ihe  bacterial  numbers  of  grass  and  wheat  plots  did 
not  show  any  significant  differences  in  1930  and  1931*  In 
1929,  however,  as  seen  from  Graphs  IV  and  VI  bacterial  counts 
were  lower  under  the  grass  and  alfalfa  sods  than  under  the 
wheat.  There  is  nothing  worthy  of  mention  in  connection  with 
bacterial  numbers  under  the  wheat  plots  following  the  different 
sods,  except  that  those  after  alfalfa  were  consistently  slightly 
higher,  but  these  differences  were  so  small  that  they  are 
practically  within  the  range  of  experimental  error* 

Nothing  definite  can  stated  about  the  microorganisms 
under  the  fallow  plots.  The  Graph  IV  shows  that  in  1929  and 
1930  the  fungal  counts  under  tho  fallow  were  high,  ranging 
around  the  50-50  thousand  mark,  whereas  the  counts  under  wheat 
were  about  half  that  amount.  In  1931,  however,  numbers  of 
fungi  under  the  fallow  are  relatively  low.  This  is  clearly 
seen  in  Graph  V. 

As  regards  the  bacterial  numbers  under  the  fallow 
we  notice  from  Graph  IV  that  the  numbers  were  low  in  1929,  but 
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comparatively  high  in  1930.  Tn  1931  they  were  again  low  as 
seen  from  Graph  V. 

Starkey"  and  other  investigators  have  done  a 
considerable  amount  of  work  on  the  number  of  microorganisms 
in  sell  adjacent  to  the  roots  of  living  plants,  and  they  have 
shown  that  as  a  rule  the  bacteria  and  fungi  are  more  numerous 
i:i  the  vicinity  of  plants  than  at  a  dis fence  from  them.  These 
findings  would  suggest  that  greater  numbers  of  organisms  might 
be  found  under  growing  crops  than  in  fallow  land.  The  higher 
moisture  content  of  the  fallow  land,  however,  would  tend  to 
counteract  this  effect. 

One  point  which  should  be  mentioned  in  connection 
with  this  investigation  is  that  the  fallow  plots  from  year  to 
year  were  on  different  fields  and  following  different  crops. 

The  inconsistency  in  these  results  may  he  therefore  attributed, 
to  this  lack  of  uniformity  in  conditions. 

One  general  finding  that  seems  to  be  consistent 
during  the  three  years  of  investigation  is  that  there  is  a 
close  relationship  between  the  seasonal  fluctuations  in  numbers 
of  bacteria  and  fungi  in  all  plots  throughout  the  season 
(Graph  IV- VI  ) . 

In  bringing  the  discussion  on  the  numbers  of  micro¬ 
organisms  to  a  conclusion  one  may  say  that  the  figures  obtained 


//  (2, 4, 6, 7, 16, 17, 22, 23, 24, 26, 55, 38, 40, 43,48,52, 53, 54, 58, 59)  . 
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for  fungi  seem  to  be  of  greater  significance  than  those  for 
bacteria,  for  the  fluctuations  in  numbers,  as  influenced,  by 
different  crops  and  crop  residues,  are  much  greater  and  more 
regular  in  the  case  of  the  fungi  than  in  the  case  of  the 
bacteria * 

Of  late  years  Waksman  and  others  have  shown  that 
under  aerobic  conditions  fungi  form  one  of  the  most  important 
groups  of  organism  taking  part  in  the  process  of  decomposition 
of  carbonaceous  and  other  organic  material  in  soil  (15,51,62)* 
It  is  therefore  not  surprising  that  their  numbers  are  greatly 
affected  by  the  incorporation  of  plant  residues  with  the  soil. 
On  the  other  hand,  the  bacteria  are  also  of  importance  in 
this  work,  but  their  numbers  are  so  much  larger  than  those  of 
fungi  and  there  is  such  a  great  variety  of  forms,  that  it  is 
more  than  likely  that  one  set  of  conditions  affects  the 
different  forms  in  different  ways,  and  thus  very  small  changes 
in  total  numbers  occur*  In  connection  with  this  it  must  be 
remembered  that  the  medium  used  is  not  one  which  is  suitable 
for  any  special  form  of  bacteria© 
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Graph  IV 


Graphical  representation  of  bacterial  and  fungal  counts  of 
sub-block  I  (1929  and  1930). 


These  counts  of  mlcroorganisns  are  from  plots  under  wheat  follow¬ 
ing  the  perennial  crops  mentioned  in  the  legend*  Note  high 
counts  of  fungi  under  fallow* 


Graph  V 


Graphical  representation  of  bacterial  and  fungal  counts  of 
sub-block  II  91930  and  1931), 
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Sub-block  II  was  plowed  up  in  July  1930.  The  graph  shows  the 
numbers  of  microorganisms  under  wheat  after  the  perennial  crops. 
The  figures  for  fungi  under  brorne  were  not  included  because  of 
their  magnetude.  Note  low  count  of  fungi  under  fallow,  (compare 
with  graph  IV)  and  the  small  differences  in  bacterial  numbers 
of  the  different  plots. 


Graph  VI 

Graphical  representation  of  bacterial  and  fungal  counts  of  sub-block  III  (1927-1931) 


Note  the  higher  count  of  bacteria  and  especially  of  fungi  under  alfalfa  than  under 
the  grasses,  the  low  count  of  fungi  under  brome,  and.  the  correlation  between  the 
fungal  and  bacteria  numbers. 


FUNGI  PLATES 


Figure  III 

Plated  from  soil 
containing  alfalfa 
residues.  Note 
rapid  development 
of  Mucor  after  two 
days  incubation. 

No  other  fungi  are 
seen . 


F igure  IV 

Plated  from  soil 
containing  alfalfa 
residues.  Note  the 
growth  of  Mucor  and 
the  development  of 
Penicillium  colonies 
after  three  days 
incubation. 
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FUNGI  PLATES  (After  three  days  incubation) 


F igure  V 

Plated  from  soil  con¬ 
taining  Brome  residues. 
Note  great  numbers  of 
Penicillium  colonies. 


Figure  VI 

Plated  from  soil 
containing  timothy 
residues.  Note  small 
numbers  of  Penicillium 
colonies  as  compared 
with  Figure  V . 
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FUNGI  PLaTES  (After  three  days  incubation) 


Figure  VII 

Plated  from  soil 
containing  western 
rye  residues. 
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FUNGI  PLATES  (After  three  days  incubation) 


Figure  IX 

Plated  from  soil 
under  growing  al¬ 
falfa.  Note  the 
numerous  Penieillium 
colonies  as  compared 
with  Figures  X,  XI, 
XII. 


Figure  X 

Plated  from  soil 
under  growing  brome • 
Note  small  numbers 
of  colonies.  Com¬ 
pare  with  Figure  IX. 


_  f.p 


FUNGI  PLA^S  (After  three  days  Incubation) 


Figure  XI 

Plated  from  soil 
under  growing  timothy. 
Note  the  small  numbers 
of  colonies.  Compare 
with  Figure  IX, 


Figure  XII 

Plated  from  soil 
under  growing  western 
rye.  Note  small 
numbers  of  colonies. 
Compare  with  Figure 
IX. 
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SUMMARY 


The  following  de terminations :  nitrate,  moisture, 
water  soluble  phosphorus,  nitrogen,  were  made  on  samples 
of  soil  taken  at  monthly  intervals  from  plots  under  alfalfa, 
timothy,  brome  grass,  western  rye  grass  and  wheat  and  fallow, 
throughout  the  growing  season  of  1951*  Surface,  subsurface 
and  subsoil  samples  to  a  depth  of  40  inches  were  obtained 
from  the  plots  of  each  of  the  three  suh-blocks «  in  addition, 
bacterial  and  fungal  counts  on  samples  o-p  the  surface  6  2/3 
inches  from  the  plots  of  sub -blocks  II  and  III  were  made 
twice  a  month. 

Nitrate  determinations  were  carried  out  by  the 
phenol  disulfonic  acid  method.  For  wa ter  soluble  phosphorus 
the  Deniges  method  as  modified  by  Parker  was  used.  For 
total  nitrogen  the  Gunning’s  method  was  employed.  The  fungal 
and  bacterial  numbers  were  obtained  by  means  of  the  plate 
count  method.  From  the  experiments  conducted  in  1931  and 
previous  years  the  following  results  were  obtained: 

(1)  Fallow  land  contained  more  nitrate  nitrogen  than 
cropped  land  in  the  latter  part  of  the  season. 

(2)  Soils  cropped  to  cereals  were  higher  in  nitrate 
content  than  alfalfa  and  nerenninl  grass  land. 

(3)  Soil  under  alfalfa  was  nearly  as  low  In  nitrates 
as  the  soil  supporting  grasses. 
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(4)  When  alfalfa  plots  were  plowed  up  nitrification 
proceeded  more  rapidly  than  in  the  case  of  the  plowed 
up  grass  riots. 

(5)  As  compared  to  timothy  and  western  rye  grass  the 
growing  brome  crop  and  its  residues  seem  to  depress 
the  nitrate  accumulation* 

(6)  The  timothy  and  western  rye  grass  crops, and  more 
particularly  their  residues, did  not  seem  to  have  either 
a  depressing  or  stimulating  effect  on  nitrate  production 
as  compared  with  brome  and  alfalfa. 

(7)  The  moisture  content  of  the  fallow  was  higher  than 
that  of  any  other  plots* 

(8)  No  close  correlation  was  noticed  between  the  fluct¬ 
uations  of  nitrate  and  moisture  content. 

(9)  No  significant  differences  were  noticed  in  the 
moisture  content  of  the  soil  under  the  different  crops. 

(10)  No  great  differences  in  water  soluble  phosphorus 

in  the  soil  under  the  different  crops  could  be  detected, 
but  there  were  indications  that  the  concentration  .under 
the  forage  crops,  and  especially  under  alfalfa,  was 
higher  than  under  cereals. 

(11)  The  results  for  nitrogen  determination  showed  re¬ 
latively  large  irregular  fluctuations,  and  therefore  it 
is  difficult  to  make  any  definite  statement  in  connection 
with  thi3  part  of  the  investigation.  However,  the  figures 
seem  to  indicate  that  there  was  no  significant  decrease 
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in  nitrogen  content  of  the  soil  after  five  years 
cropping. 

(12)  Relatively  large  numbers  of  Genus  Mucor  fungi 
developed  in  the  soil  after  the  plowing  up  of 
alfalfa. 

(13)  Relatively  large  numbers  of  Genus  Penieillium 
fungi  were  obtained  after  the  breaking  up  of  brome  sod. 

(14)  Greater  numbers  of  fungi  were  observed  under  the 
alfalfa  than  under  the  brome,  t mo thy  and  western  rye 
grass  sods. 

(15)  The  numbers  of  bacteria  in  the  soil  under  the 
various  crons  and  fallow  showed  di -Pferenees  which 
cannot  be  considered  to  significant. 
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